Ton Giesberts 


A pulse-width-modulated output stage with 


hi-fi characteristics is something rather 











special. We already described vari- 
ous aspects of this design in the 
June 2004 issue. Following 
that introduction, in this 
instalment we continue 
with a description 
of how to build 
this power- 


house. 
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Amplifier 


The pulse-width modulated amplifier 
we're talking about here is based on 
the Tripath TA3020 driver IC. The term 
‘pulse-width modulated’ may call up 
negative associations, but they are 
fully out of place here. The specifica- 
tions are outstanding, and the ampli- 
fier is certainly as good as quite a few 
models in the upper end of the com- 
mercial range. 

To make construction as easy as possi- 
ble for Elektor Electronics readers, we 
can supply the printed circuit board for 
this project with all of the SMD compo- 
nents already nicely soldered in place, 
all at a very attractive price. And don't 
forget that a single circuit board houses 
a complete 2 x 300-W stereo amplifier. 


Special components 


Before you start enthusiastically buy- 
ing components, we'd like to empha- 
sise that you can't simply conjure up a 
dual 300-watt amplifier from of a box of 
standard parts. When this amount of 
power is involved, even the power 
supply must meet special require- 
ments. On top of that, we’re dealing 
with a switch-mode amplifier here. 
That makes the circuit board layout 
and the quality of the components 
especially important. To avoid poten- 
tial problems, you need to know the 
requirements imposed on the various 
components before you start building 
the circuit board for this final amp. 

Most of the components can be 
obtained from Farnell as stock items, 
and several merchants including C-I 
Electronics and Geist Electronics will 
be offering complete parts kits for this 
amplifier. It’s essential for some of the 
components to be SMD types, due to 
the characteristics of SMDs and the 
short signal paths that can be 
obtained with them. However, this 
doesn't mean that soldering has to be 
a problem, since all of the SMDs are 
already fitted to the board. The ferrite 
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Part 2: building the 


amplifier board 


cores for the inductors are also 
included with the printed circuit board 
(two per board). Winding the inductors 
with 1.5-mm enamelled copper does 
require a pair of sturdy fingers, but we 
have more to say about that later on. 


Decoupling 


The issue that requires the most atten- 
tion with this amplifier is the interfer- 
ence that can be generated by quickly 
switching large currents. The circuit 
board has therefore been designed 
such that tracks that carry large cur- 
rents have the least possible amount of 
coupling with the rest of the circuit. In 
addition, the supply voltages are 
always decoupled locally, in order to 
keep the loops in subcircuits conduct- 
ing large currents as small as possible. 
In particular, this decoupling is pro- 
vided by C5, C18, C32, C33, C36 and 
C37 for the output transistors. We 
selected 250-V MKT types for these 
decoupling capacitors, since they can 
better withstand extremely high 
switching currents. 

Capacitors C6 and C19 also deserve 
special attention. For these two elec- 
trolytics, it is extremely important to 
have the lowest possible self-induc- 
tance and effective series resistance, 
as well as a good thermal rating. 

The snubber networks (C4/R12 and 
C17/R33) help remove HF overshoots. 
To save space, R12 and R33 are 
mounted vertically. When fitting them, 
keep the loop as small as possible in 
order to keep their parasitic self-induc- 
tance as low as possible. As 1-W resis- 
tors are used here, you must allow for 
a somewhat larger diameter than 
usual (see Figure 1). For the capaci- 
tors (C4 and C17), we have selected 
200-V ceramic types. This is because 
the maximum voltage across these 
capacitors can be nearly the full sup- 
ply voltage (approximately 110 V 
between the positive and negative 


rails), or even more with any over- 
shoots that may be present. 


Suppressing 
inductive spikes 


Due to the physical dimensions of the 
components, parasitic self-inductance 
and overshoots will always be present. 
The consequences of this, particularly 
the inductive spikes (back-emf) from 
the inductors in the output filters, can 
be partially suppressed by using Schot- 
tky diodes and _ ultra-fast-recovery 
diodes as clamping diodes. This job is 
performed by D3, D4, D6, D7, D10, D11, 
D13 and D14. Diodes in DO-15 pack- 
ages (MUR120) are fitted to the circuit 
board for D3, D4, D10 and D11. Diodes 
D6, D7, D13 and D14, which are SMD 
components in DO-214AA packages 
(MURS120T3), are fitted on the solder 
side underneath the IC (Figure 2). Both 
types of diodes are rated at 1 A/ 200 V, 
with a recovery time of only 25 ns. 


MOSFET drive circuits 


In the printed circuit board layout, spe- 
cial attention has also been given to 
possible loops in the paths between 
the driver outputs of the IC and the 
gates of the MOSFETs. These loops 
must be kept as small as possible. The 
loop in the drive circuit for the upper 
MOSFET of each channel consists of 
the HO driver, the gate resistor, the 
gate-source capacitance and the driver 
return connection (HO1COM or 
HO2COM). For the lower MOSFET, the 
loop consists of the LO driver, the gate 
resistor, the gate-source capacitance 
and the driver ground connection 
(LO1COM or LO2COM). 

The overshoots arising from switching 
the MOSFETs are limited by the resis- 
tors incorporated in the gate circuits. 
This unavoidably leads to a compro- 
mise between the delays for switching 
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(Farnell # 337-584, 10+) 250V, lead pitch 7.5mm or 10mm, w x | 


Components R12,R33 = 15Q 1W. PRO, = se 18 aan nesch), Yim WKS 


A BCComponents (Farnell # 337-638, (Farnell # 148-888, 1+) 

list 10+) C6,C19 = 47uF 160V radial, lead pitch 
R13,R34 = 2400 5mm, diameter 10mm (max.), 105°C, 
R14,R35 = 22Q 5W (vertical)) Panasonic EEUED2C470 (Farnell # 83- 

Pre-fitted SMD parts not listed. If necessary the list of pre- P1,P2 = 10kQ preset 6400, 1+) 

fitted parts may be downloaded from our website. i C8,C21,C38 = 47uF 25V radial 

Suggested suppliers are mentioned with unusual Capacitors: C9,C22 = 220nF 400V MKP, lead pitch 

components only. These suppliers are not exclusive. C1,C14 = 3uF3 SOV, MKT, lead pitch 15mm, w x| = 8.5 x 18 mm (max.), 

5mm or 7.5 mm Epcos B32652-A4224-} (Farnell # 400- 

Resistors: C4,Cl17 = 220pF 200 V, COG, lead 3755, 1+) 

R6,R11,R27,R32 = 0201, lead pitch pitch 5 mm, dipped radial multilayer C10,C23 = 100nF 400V MKP, lead pitch 
Ọmm, MPC75-EO1 (H.O.D! , Burklin2) ceramic, Multicomp (Farnell # 747- 15mm, w xl = 7 x 18 mm (max.}, Epcos 
R7,R9,R28,R30 = 506/1 W lead pitch 075, 1+) B32652-A4104-) (Farnell # 400-3731, 1+) 

15mm (max.), PRO] BCComponents C5,Cl 3 C32 C33 C36, C37 = 100nF C30,C3 ! ESA C35 = A70uF 63V radial, 


off one MOSFET and switching on the ae 
other one. For this amplifier, limiting is off p11 le 
resistors with a value of 5.6 Q are rec- 
ommended. This also allows part of 
the power that would otherwise be 
dissipated in the driver transistors to 
be dissipated in the resistors. 
Another compromise is naturally the 
maximum power rating of the amplifier 
and the resulting MOSFET selection. 
Unfortunately, maximum drain current 
goes hand in hand with high gate- 
source capacitance (C;,, = 3800 pF 
max.). The parasitic self-inductance of 
the gate is also a factor; the lower it is, 
the faster the gate charge can be built 
up or removed. 

To accelerate MOSFET switch-off, 
diodes are placed in parallel with the 
gate resistors. These are also ultra- 
fast-recovery diodes in ‘normal’ pack- 
ages (MUR120). Thanks to their rela- 
tively large dimensions, they can eas- 
ily bridge several broad tracks on the 
printed circuit board. A disadvantage 
of using these diodes is that the power 
dissipation in the drivers increases. 
Due to their power dissipation, the 
gate resistors are 1-watt types. We 
have selected the very compact PR-01 
series from BCComponents. Due to the 
construction of these metallic-film 
resistors (helical groove), they unavoid- Figure 1. Component layout (top side of the amplifier board). 
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lead pitch 5mm, diameter 13 mm 
(max.), 105°C, Nichicon 
UPM1J471MHH (Farnell # 415-3030, 5+) 


Inductors: 

L1,L2 = 1 1uH3, 29 turns 1.5 mm ECW 
(SWG 16) on T106-2 core (Micrometals) 
(core supplied with pre-fitted PCB) 


Semiconductors: 

D1-D4,D8-D11 = MUR120 1 A/200 V 
ultra fast, ON Semiconductor (Farnell # 
930-994, 1+) 

D15 = LED, red, high efficiency 

T1-T4 = STW38NB20, TO-247 case, 
200 V/38 A, ST (Farnell # 323- 


9408, 1+) 
IC1 = TA3020, Tripath? 
IC2 = CNY17-2 


Miscellaneous: 

JP1,JP2 = 3-way pinheader with jumper 

K1-K4,K6-K9 = spade terminal, vertical, 
PCB mount 

K5 = 2-way PCB terminal block, lead pitch 
5 mm 

K10 = 2-way pinheader 

48-pin IC socket, DIP socket with turned 
pins 0.6” (15.24 mm) row spacing 
(Farnell # 416-8653, 1+) 

4 ceramic washers AOS220SL, Fischer, 
14 x 18 mm, 4.5 mm thick (Huijzer- 
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Figure 2. Bottom side of the amplifier board. The SMDs are pre-fitted. 


ably have significant parasitic self- 
induction, but the impedance of this 
resistor type is still relatively constant 
up to 10 MHz. A good alternative 
would be carbon compound resistors, 
which have much lower self-induc- 
tance due to their construction. Suffi- 
cient room is provided on the circuit 
board for the latter type. 
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Power supply and 
ground 


The main supply voltage is connected 
to the circuit board using flat (car-type) 
terminals. This allows very large cur- 
rents to flow and makes it easy to con- 
nect the board to the power supply. 
Special electrolytic capacitors are fitted 


2) | 
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Avera4] 

Heatsink 0.6 K/W, 160 x 150 mm, 
Marston 938SP01500A200 (Farnell # 
526-794, 1+) 

PCB, order code 030217-91. Comes 
with all SMD parts pre-fitted and cores 
for L1, L2 supplied. 


1. www.hod-electronics.n! 
2. www.buerklin.de 

3. sales@profusionplc.com 
4. www. huijzer.com/ 


across the power supply terminals to 
decouple the worst RF current spikes. 
We have done our best to implement 
these connections as star points, but 
we had to spread them out a bit to 
keep the distance between the IC and 
the MOSFET leads reasonably short. 
For decoupling capacitors C30, C31, 
C34 and C35, we selected a Nichicon 
family that combines a very good 
capacity/size ratio with low series 
resistance and low self-inductance. 
The optimum choice from this family is 
the 470-uF type with a working volt- 
age of 63 V. In our case, this deter- 
mines the maximum allowable supply 
voltage for the final amp. 

From the star point, a track runs to the 
inductor (L3) that isolates the analogue 
and digital grounds of the IC. This 
inductor comes in an SMD package 
(1812A) and is located on the solder 
side under the IC (Figure 2). It is a 
member of the Epcos SIMID family and 
has a value of 10 WH, with a series 
resistance of less than 1 Q and a cur- 
rent rating of more than 300 mA. 

The ground connections for the loud- 
speaker outputs are also tapped off 
from the star point, so the currents 
from the loudspeakers are conducted 
back to the main power supply as 
directly as possible. This avoids inter- 





Pre-fitted circuit board 


Due to the special nature of this 
amplifier (particularly the high switch- 
ing frequencies), the choice of compo- 
nents is especially important and the 
use of SMDs in various locations is 
unavoidable. 


Most amplifier builders have litle or 
no experience with soldering these 


miniature components, and for this 
reason we provide this circuit board 
with all of the SMDs already fitted. All 
you have to do is to fit the IC and the 
‘normal’ components. In addition, two 
cores for the output inductors are pro- 
vided with the board, since they are 
made from a rather special material. 


Figure 3. For the output inductors, several turns must be placed on top of other ones. 
sink below the circuit board using special insulators. 


ference to other parts of the amplifier. 
The ground planes on the circuit board 
are exclusively intended to provide 
protection against interference. They 
are only connected to the AGND pin for 
the analogue power supply (pin 28). 
This means that no other connections 
to the amplifier are tapped off from the 
ground planes. 

A star point is also used for the con- 
nections between the analogue +5-V 
supply and the various components, 
including the trimpots, jumpers and 
resistor bridges for the modulator set- 
tings. This can be seen on the compo- 
nent side of the layout in Figure 1. 


Construction 


Despite all the attention given to the 
layout, the level of interference gener- 
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ated by the output stage is rather high. 
This means that additional measures 
must be taken to minimise the nega- 
tive effects on the analogue portion. 
This is done by keeping the surface 
area needed to fit the passive compo- 
nents as small as possible. The only 
way to achieve this is to implement 
practically everything using SMD com- 
ponents, and to place them as close 
together as possible underneath and 
beside the IC on the solder side of the 
board (see Figure 2). 

The only components that depart from 
this rule are the two trimpots for DC 
offset adjustment and the input capac- 
itors. Any interference picked up by 
the trimpots is filtered out by C3 and 
C16. Interference picked up by C1 and 
C14 is filtered out by C2 and C15. Some 
of the SMDs must have a voltage rat- 


The price of the circuit board and 
inductors is only £34.50 / $55.70 
/ €49. This is a two-channel design, 
so you only need one circuit board for 
a stereo amplifier. 





The output transistors are fitted to the heat 


ing greater than 50 V, due to their loca- 
tion in the circuit. This applies to R15, 
R16, R36, R37 and R51. SMD compo- 
nents are also used for R8, R10, R29, 
R31 and several decoupling capacitors, 
since this gives better functional 
results and takes up less space. 

For readers who wish to take a sol- 
dering iron to the SMDs, despite the 
fact that the board is provided with 
the SMDs already fitted (for example, 
to change the input sensitivity or 
modify the board for a lower supply 
voltage), the solder lands are 
designed to allow either 0805 or 0603 
packages to be used for all SMD 
capacitors and resistors. They are 
thus somewhat larger than the stan- 
dard size for reflow or wave solder- 
ing. You can thus touch a soldering 
iron with a very fine tip on the solder 
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Kelvin connections 


Kelvin connections (which are also 
called four-point measurements, 
depending on the application) are 
used at three locations in the ampli- 
fier to eliminate the effects of con- 
tact resistance and parasitic self- 
inductance. 


A Kelvin connection is a connection to 
the terminals of a specific component 
for accurately measuring the voltage 
across the component without using 
extra taps. Here such connections are 
used for the voltages across the sense 
resistors for overcurrent detection, the 
feedback from the loudspeaker termi- 
nals and the input ground. 


lands while soldering, which consider- 
ably simplifies soldering SMDs. 

For the capacitors in the output filters, 
we have chosen 400-V polypropylene 
types that are especially suitable for 
applications with extreme pulse load- 
ing. Here we also use a compact ver- 
sion. These capacitors have a pitch of 
‘only’ 15 mm, which results in a low 
value of parasitic self-inductance here 
as well. There is enough room here for 
somewhat wider components if you 
wish to use a different type (such as 
polyester or capacitors from a different 
manufacturer). 


Coil winding 

Winding the output inductors is not 
difficult, but you must pay careful 
attention to the winding method. With 
the selected wire diameter of 1.5 mm 
(16 SWG), the 29 turns will not fit on 
the selected core in a single layer. To 
keep the internal capacitance as small 
as possible, the coil is wound progres- 
sively in approximately seven sections. 
This means that after the first three 
turns are wound, the fourth turn is 
placed on top of the third turn, and the 
fifth turn is then wound directly on the 
core next to the third turn. It is fol- 
lowed by turns six and seven, with 
turn eight again being placed on top of 
turn seven, turn nine again next to 
turn seven, and so on (see Figure 3). 


The relatively thick wire doesn’t make 
the job any easier. Depending on how 
neatly and tightly you manage to wind 
the coil, you may well have to place a 
few more turns on top of other ones. 
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For current detection, it should be evi- 
dent that four-point measurement is 
necessary, since the resistance of the 
sense resistor is only 10 mQ. The 
overcurrent sense leads are tapped off 
directly from the resistor leads. The 
resistors are upright models in ceramic 
packages (MPC75 from Fukushima 
Futaba Electric Co. Ltd.), and they 
have practically zero self-inductance. 
If you cannot obtain these resistors, 
you will have to look for other low- 
inductance resistors with the same 
form. Resistors with axial leads are 
truly unsuitable, since fitting them ver- 
tically is by itself enough to produce 
too much self-inductance. 


IC and 
output transistors 


Most people will probably be reluctant 
to solder the IC to the circuit board, so 
we searched for a 48-pin IC socket 
with very high quality. We finally 
decided on a type having turned con- 
tacts with 30-micron gold plating and 
rated at 3 A. Here we can't be satisfied 
with anything less. 

A very important detail in fitting the 
output transistors is the material for the 
electrical insulators. As these transis- 
tors have a metal cooling surface that 
is electrically connected to the drain 
(T2 and T4), the capacitance to the heat 
sink (which is connected to ground) 
would be too large if they were fitted 
using standard insulators made from 
mica, silicone rubber, silicone foam or 
even fancy stuff like Kapton. We tried 
this, and at maximum output power 
there were large parasitic currents that 
could not be suppressed. 

There is only one good solution to this 
problem, which is to use ceramic 
(Al,O03) insulators that are several mil- 
limetres thick. The insulator we use 
here is the Fischer type AOS220SL, 
which is 4.5 mm thick and is actually 
intended to be used with a T0-220 
package, instead of the larger TO-247 
package. Despite being a bit too small, 
the insulator fully covers the metal 
cooling surface of the transistor. It also 
keeps the parasitic capacitance 
extremely small. 

For the heat sink, we found a type with 
a surface large enough to mount the 
circuit board parallel to the surface. 
The selected type (from Marston) is 


Each pair of signal leads is routed 
close together to the pins of the IC. 
The same is true of the feedback from 
the loudspeaker terminals (to the cor- 
responding resistors). For the input 
ground, using a Kelvin connection 
means that all ground connections are 
individually routed to the common 
ground pin of the IC (the ‘OV’ terminal 
for the analogue +5-V supply). This 
can be clearly seen on the solder side 
of the amplifier circuit board. Quite a 
few circuit board tracks join together 
here, with the result that this junction is 
necessarily somewhat broadened. 


160 mm wide and 150 mm deep, and it 
even provides a bit of clearance at the 
edges. Eight holes tapped for 3-mm 
screws can be drilled in the base, 
which is 10 mm thick, for fastening the 
circuit board and the four output tran- 
sistors. We recommend that you first 
centre the board on the heat sink and 
mark the four corner holes. Next, bend 
the leads of the output transistors 
exactly where they become thinner, 
slide them in place and mark the posi- 
tions of the four fastening holes for the 
transistors. 


Cylindrical standoffs (metal types with 
a threaded end) with a length of 
approximately 10 mm should be used 
to attach the circuit board to the heat 
sink. The threaded end will probably 
be too long to be fully screwed into the 
heat sink. This can be solved by first 
fitting a nut and lock washer on the 
threaded end. This causes the mount- 
ing height of the circuit board to be 
just right, and the leads of the output 
transistors will pass through the 
matching holes in the circuit board 
with length to spare. 


Coming up 
All that’s left now is the power supply 
and the wiring diagram. We'll deal with 
them in next month’s issue, when we'll 
also present some measured results for 
the fully assembled amplifier. 
Items such as input and output filters 
and EMC problems will be handled in a 
separate article, which will also 
appear next month. 
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